This study used multilocus sequence typing (MLST) of total DNA extracted from faecal specimens to genotype Helicobacter pylori to analyse intra-familial transmission. Faecal DNA was extracted and amplified by nested PCR. The products were analysed by direct sequencing and the allele type was determined using an MLST website. Mother-to-child transmission was suspected in at least two of three families, and father-to-child transmission was suspected in one family.
INTRODUCTION
Infection by the Gram-negative microaerophilic rod Helicobacter pylori is associated with the development of chronic gastritis, peptic ulcers and gastric adenocarcinoma in humans (Kusters et al., 2006) . It is thought that one of the modes of transmission of H. pylori is between family members, and therefore the presence of infected family members is an important risk factor in children (Konno et al., 2008) . However, there have been few studies that have proven intra-familial infection using isolated family strains (Konno et al., 2005; Nahar et al., 2009) . It is difficult to isolate H. pylori from the gastric mucosa of children, as endoscopic analysis is not often undertaken. Therefore, the genotypes of paediatric H. pylori strains have not been analysed fully in comparison with those of other adult family members.
Multilocus sequence typing (MLST) analysis has become the most common method for genetic analysis of bacterial strains. MLST has been applied previously for the root causal analysis of outbreaks (Chalmers et al., 2008) , hospital infections (Walker et al., 2012) and intra-familial infections (Staples et al., 2012) . An H. pylori MLST database is available online, consisting of seven housekeeping genes (http://pubmlst.org/helicobacter/), with over 2000 alleles detected at each locus. The genetic identity of various pathogenic strains can be analysed by MLST, which is tied in with information on the geographical sources of H. pylori, exposing major events in the history of human settlement (Achtman et al., 1999; Falush et al., 2001 Falush et al., , 2003 Linz et al., 2007; Moodley et al., 2009; Wirth et al., 2004) .
After H. pylori organisms reach the anaerobic environment of the intestine, the micro-organisms are unable to grow and change morphology to their coccoid forms, which are non-culturable (Shirai et al., 2000) . However, the DNA of H. pylori has been reported to be detected by PCR using faecal specimens from infected patients (Scaletsky et al., 2011) and animals (Oshio et al., 2009) . Here, we compared the MLST of faecal DNA specimens for the detection of intra-familial H. pylori infection.
METHODS
Participants. Children aged 0-12 years attending seven elementary schools, three nursery schools and six kindergartens in Sasayama city, Hyogo, Japan, were recruited into an epidemiological study. The Sasayama Study, for H. pylori infection in children, was carried out from November 2010 to March 2011. Stool samples were collected from 783 children, and 15 samples gave positive results. Family members of the 15 stool antigen-positive children were asked to provide stool samples, and 35 people belonging to 12 families provided samples.
(Wakamoto) was used for selection of H. pylori-positive faeces according to the manufacturer's guidelines. Briefly, 30 mg faecal specimen was diluted with 1 ml diluent. Faecal solution (50 ml) was added to each well and mixed with the reagent. Absorbance at 450 nm/630 nm was measured using a spectrophotometer, and the cut-off value of the test was taken as 0.100. DNA extraction. Total DNA of H. pylori antigen-positive faeces was extracted using a QIAamp Stool kit (Qiagen) according to the manufacturer's instructions. Briefly, 200 mg frozen faeces was used for each extraction, and 200 ml DNA solution in Buffer AE (Qiagen) was eluted at the final step. H. pylori 16S rRNA gene-targeted primers were used for detection of H. pylori DNA by real-time PCR (Osaki et al., 2006) and confirmed the H. pylori antigen-positive faecal samples.
MLST. The primers used for MLST are shown in Table 1 . Gene fragments containing the efp, mutY, ppa and trpC genes were amplified from H. pylori-positive specimens by nested PCR. For the first reaction, 10 ml 26 Ampdirect Plus buffer (Shimadzu), 0.1 ml BIOTAQ Hot Start DNA Polymerase (Bioline), 2 ml primer mix (10 pmol ml 21 each), 6.9 ml distilled water and 1 ml DNA sample made a reaction volume of 20 ml. The Ampdirect Plus buffer neutralizes inhibitory substances in biological samples, and, as a result, increases PCR detection. The reaction mixture was incubated in a TP600 thermal cycler (Takara). Ex-Taq (Takara) was used in the second PCR. The amplification program consisted of one cycle at 94 uC for 10 min (first PCR) or 1 min (second PCR) and followed by 40 cycles of 94 uC for 20 s, 50-58 uC for 45 s and 72 uC for 45 s, with a final cycle at 72 uC for 7 min. The PCR products were separated using a 2 % agarose gel, stained by ethidium bromide and visualized under UV light. If two bands were visualized on the gel, only the band identical in size to the control band was collected.
The products were analysed by direct sequencing. Sequencing reactions were performed in a Bio-Rad DNA Engine Dyad PTC-220 Peltier thermal cycler using an ABI BigDye Terminator v3.1 Cycle Sequencing kit with AmpliTaq DNA polymerase (FS Enzyme; Applied Biosystems), according to the protocol supplied by the manufacturer. Single-pass sequencing was performed on each template using one of the second-PCR primers (forward or reverse, Table 1 ). The fluorescently labelled fragments were purified from the unincorporated terminator nucleotides by ethanol precipitation. The samples were resuspended in distilled water and subjected to electrophoresis in an ABI 3730xl sequencer (Applied Biosystems). The direct sequencing results obtained were submitted to the MLST website, and the closest allele typing of each gene was determined.
Using the allelic profile of the four genes, the sequence type (ST) of each faecal sample was also determined through the MLST website by the nearest match.
RESULTS AND DISCUSSION
Fifteen stool antigen-positive children were found in the Sasayama Study. Family members of the 15 children were asked to provide stool samples, and 35 people from 12 families provided samples. We selected three families for MLST analysis according to the following; the proband child was diagnosed with H. pylori twice by a positive stool antigen test at 0 and 3 months, and the child had two stool antigen-positive family members. The remaining nine families did not match these conditions. All stool antigen-positive faeces were also positive for H. pylori DNA by PCR with no false-positive results.
MLST profiles of the H. pylori DNA extracted from faeces were determined in the three families in which there was an H. pylori-positive child and two family members (Table 2 ). In family A, H. pylori DNA and antigens were detected from the child and the parents but not from the sibling. The first faecal DNA sample of child A had four genes identical to its father. The second sample had the same mutY allele as its parents and the same efp allele as its mother.
In families B and C, H. pylori DNA and antigens were detected in the children, mothers and grandfathers but not 
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from the faeces of siblings and fathers. The first faecal DNA sample from child B had identical allele types for the mutY, ppa and trpC loci but a different allele for the efp locus compared with those of the mother. The second sample from child B had identical mutY and ppa genes but different trpC and efp genes compared with its mother. The first faecal DNA sample from child C had the same efp gene only as its mother, but the second sample had identical alleles for efp, mutY and ppa.
The candidates for H. pylori sequence typing were defined from the database by combinations of MLST loci (Table 3) . According to these data, in family A, the first sample of the child was shown to be same as that of its father and the second sample to be the same as its mother. In families B and C, the two isolates from the children were identified to be the same as those of their mothers.
We determined the source from whom the original strain was transmitted to the child. The implication was therefore that H. pylori was transmitted from mother to child in families B and C. In family A, H. pylori may have been transmitted either from the father and/or the mother. The results also implied that H. pylori strains from the grandfather were probably not the source of infection. In the Sasayama Study (from 2010 to 2011), no siblings of H. pylori-positive children were positive for faecal H. pylori antigen or the 16S rRNA gene. In this study, the infection rate was also very low. This may show that intra-familial transmission of H. pylori is rare.
Seven loci (atpA, efp, mutY, ppa, trpC, ureI, vacA and yphC) of housekeeping genes are available for MLST analysis of H. pylori isolates. These are widely used markers for genomic diversity within H. pylori populations (Yamaoka, 2009) . For the MLST analysis using faecal specimens, we used PCR to examine the above seven loci. It was difficult to obtain amplification products of H. pylori DNA .600 bp from faecal DNA due to the presence of either other bacterial DNA or substances inhibitory for PCR amplification. In addition, it may have been that the levels of H. pylori DNA were relatively low in the gut or that the DNA was damaged.
For the identification of allele types of atpA, ureI and yphC, fragments of~600 bp (actually sizes of 627 bp, 535-585 bp and 504-631 bp, respectively) were needed to be amplified using available primers, so we instead selected the four shorter-length fragments (efp, mutY, ppa and trpC) for MLST using faecal samples.
In another study, we also showed that in one family the MLST profile of the child's H. pylori isolate from gastric mucus was identical to that of his mother's strain but not to that of the father's strain (data not shown). H. pylori MLST may therefore be useful as a tool for detection of the source of intra-familial infection.
Mother-to-child transmission occurs in early childhood and has been thought to be the most probable route of transmission of H. pylori in various countries including Bangladesh (Nahar et al., 2009) and Japan (Konno et al., 2008) . In our study, mother-to-child transmission was suspected in two or three of the three cases analysed, whilst father-to-child transmission was suspected in one case. Furthermore, grandparent-to-child transmission was not detected. Our study indicated that parents can be a potential source of H. pylori infection in children.
The alleles of trpC belonged to different ST types in family C, and the ppa allele was different in two samples. One possible explanation is that multiple strains with different alleles had colonized the child or, less likely, that these genes had mutated in the 3-month study period.
It was reported by Raymond et al. (2004) that analysis of the isolates from family members indicated natural mixed infection in the family. Identical alleles were found in some strains isolated from the children and parents, demonstrating that strains had circulated within the family.
It is well known that high genetic diversity is a hallmark of H. pylori. Kennemann et al. (2011) reported very few mutations in an isolate cultured for 3 months after infection of a human volunteer, highlighting the importance of mixed infections for genetic diversification of H. pylori through recombination. As it has been reported that H. pylori strains exhibit diverse genotypes after long-term infection from childhood to adulthood (Kraft, et al., 2006) , it is likely that intra-familial transmission of H. pylori can be determined by a molecular technique such as MLST.
In conclusion, these results demonstrated that MLST of faecal H. pylori DNA is a useful tool for the detection of intra-familial transmission. *1st and 2nd indicate the first and second samples taken, with an interval of 3 months between the first sample collection and the second. DSTs that were the same in each family are indicated in bold.
